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International disaster database EM-DAT



International disaster database EM-DAT

Top three economic losses



«It is likely that something unlikely is going
to happen» (Aristotle, 384-322 BC)



Frequency analysis

• Involves several steps
– Define the variable/index to be studied
– Select the extreme events (min/max – AMS/PDS)
– Select the probability distribution and estimate its parameters
– Estimate the extreme event (design value) for a given return interval

• The uncertainty of the estimated extreme depends strongly
on sample size and assumptions made

• Traditionally based on the assumption that the data are
independent and identically distributed (iid)

• Non-stationary methods include univariate and bivariate
models, with distribution parameters varying with time.



Analyses of exteme events
• Extreme value analysis (frequency analysis)

– Variable and index

• A changing environment
– Past: Historical time series, reconstruction, paleo
– Present: Changes and trends, event-based analysis
– Future: projections

How 
likely?



Hydro-climatic extremes
• Extreme weather events, e.g.

– exteme heat and cold
– heavy rainfall or snowfall
– meteorological drought
– storms

• Extreme hydrological events
(streamflow and groundwater)
– hydrological drought
– flood

Leonard et al., 2013



Classification of hydrological events

Dracup et al. (1980) photo: Henny van Lanen



Flood and low flow marks

Hunger Stone at Elbe; Decin, Tsjekkia
"Wenn du mich siehst, dann weine" 
Kilde: Wikipedia; AFP/RSS

Flood mark in Ottadalen
Storofsen
Kilde: Norsk kulturarv



Flood

• Process type (Merz & Blöschl, 2003)
– Short-Rain floods
– Long-rain floods (high flows, groundwater flooding)
– Flash floods
– Rain-on-Snow floods
– Snowmelt floods

• Variable
– Streamflow/groundwater level or discharge/runoff
– Innudated area (water level; river network)
– Affected area (regional to national scale)



Different types of drought

Seneviratne, 2012



Standardised Indices - Wet and Dry

SPI – transform accumulated monthly 
precipitation (P) to the standard normal 
distribution (std N)  

SPEI – transform  accumulated precipitation less potential 
evapotranspiration (P-PET) to the std N

• A more complete estimate of available water 
• Relies on choice of PET algorithm

SPI/SPEI 
• recommended by WMO 
• different time lags (1, 3, 6,12, .. months)
• Choice of distribution at the regional scale (SPI, SPEI)

Wikipidia



Hydrological Drought

• Process type
– Soil moisture drought
– Streamflow (low flow or drought)
– Groundwater drought
– Winter/seasonal drought

• Variable
– Soil moisture content (at-site)
– Streamflow/groundwater level or discharge (at-site)
– Drought affected area (soil moisture, streamflow or runoff, 

groundwater level; regional to continental scale)



Hydrological extremes - indices

• High and Low flow 
characteristics
(max or min values)
- AMS or PDS

• Volume characteristics 
(maximum values)
- duration
- surplus or deficit 

volume (severity)

• Areal indices
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A changing environment
• Changes in the tails of the probability

distribution or in the extreme value
distribution itself

• Detection of changes and trends
– Mean and extremes
– Based on observations

• Use of climate models simulation in 
detection and attribution of change
− Compare observed changes with climate

projections

Temperature; IPCC, 2012



Sheffield et al., 2012

Temp
Pen-Mon



European-scale trends in mean annual
streamflow and flood

Stahl et al. (2012) Blöschl et al. (2019)

1962 – 2004 1960 - 2010



Trends in monthly minimum flow
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Trust in model simulations
• Do off-line global (hydrological and land 

surface) model simulations provide an 
acceptable dataset of historical variables 
such as soil moisture and runoff for analysis 
of hydro-climatic extremes?

• Example study: Analysing the extent and 
timing of large-scale hydrological droughts in 
Europe as simulated by a suite of off-line 
models



Area in drought – annual indices

Tallaksen and Stahl, 2014



Drought development in space 

1976

Grid cells in drought on a given day;  
all (black), some (grey) or none (white) of the seven models

1 May 1 June 1 July

Strongly urge for more validation studies to improve future 
projections and learn the current limits of model simulations.

Tallaksen and Stahl, 2014



A changing environment – Future

Credit: © Demydenko Mykhailo / Fotolia

Seager and Harding, J. Climate (2014)



Analyses of exteme events
• Extreme value analysis (frequency analysis)

– Variable and index

• A changing environment
– Past: Historical time series, reconstruction, paleo
– Present: Changes and trends, event-based analysis
– Future: projections

• Generating processes (causes)
• Compound events and extreme impacts
• Attribution

How 
likely?

Something
unlikely?



From extreme hazards to impacts

• Need to better understand how climate variables combine to 
produce extreme impacts

• Climate change may cause an unusually combination of factors 
leading to unexpected impacts and hazards that have not 
previously been experienced.

• Natural disasters caused by 
extreme weather events are often
the result of a combination of
(interrelated) factors - compound
events - rather than a single 
variable being in an extreme state

Hao et al., 2018



Compound event

Is an extreme impact that depends on multiple 
dependent variables or events

Leonard et al. 2014 Wires Climate Change

Three key characteristics:
• the extremeness of the impact
• the role of multiple drivers
• the role of statistical dependence



How do we understand impacts?
• (Negative) impacts on the environment, society and economy

• Impacts are not necessarily linearly related to the natural 
hazard and small changes in climate may produce large 
changes in impact severity

• How do we model impacts?

– Model-based approach

– Impact-based approach

Leonard et al., 2013



EDII

Online EDII: http://www.geo.uio.no/edc/droughtdb/index.php

• EDII – European Drought
Impact Inventory

• Hosted at the European 
Drought Centre (EDC) website

• ~ 6000 ‘impact reports’ from 
38 countries

Stahl et al. (2016)



Archiving impact reports

- Collection is tedious
+ Textual evidence links cause (drought) and effect (impact)
+ - Coding guarantees consistency, but restrictive  keep Text!

Impact  
Occurrence

Impact 
Categorization

The 
ArchiveLocationSource of

information



Drought – Anecdotal evidence

• Agriculture adapted to 
frequent rainfall

• Large spatial extent
• Convective vs frontal prec.
• Cause of the drought

– Distribution of High and Low 
pressure centres

– Likely influenced by ocean 
temperatures

• Research focus
– Assess the interaction 

between the ocean and the 
atmosphere to better predict 
the weather.

Aftenposten, 1933



Best-predictors for impacts

Stagge et al. 2015 JoH

Four sectors
- Agriculture
- Energy and industry
- Water supply
- Freshwater ecosystems



US Drought Impact Reporter



Impact-based forecasting / projections

Gap between forecasts and warnings of extreme 
hydrometeorological events and an understanding of 
their potential impacts.

WMO-No. 1150, 2015



Compound events – Illustrations

When Where Multiple drivers Extreme impacts

May 2013 Kvam 
Norway

Heavy rainfall and snowmelt Severe impacts due to 
flooding

Dec 2013 –
Jan 2014

UK Series of rainfall event Severe impacts due to 
flooding

Dec 2013 –
Jan 2014

Western 
Norway

Dry, windy, lack of snow Severe wildfires

Summer 
2018

Northern 
Europe

Dry and hot summer Heatwave and severe 
drought impacts

21th C Arctic Winter warming, frost spells Large-scale vegetation
damage

~ 2019 Southern
Norway

Heavy rainfall, initial
conditions

Severe impacts due to 
flash floods



Rain-on-snow (ROS) event 2013
 Devastating spring ROS floods occurred in Kvam, southern 

Norway, ~1bn NOK damages

 A large rainfall event 21-23rd May

Rain and snowmelt 17-23 May

Roald (2015) NVE report 21 Photo: vg.no Ref. Pall et al., talk 



Winter 2013/2014

• Prolonged rainfall over much of 
Britain in December 2013 and 
January 2014 led to high river 
flows and flood alerts.

• In some areas the wet weather 
lingered as groundwater 
flooding.

NERC, Wallingford, UK



New and emerging hazards

Prolonged dry weather
and heavy wind

Winter drought causing
extreme wildfires
• Greening – biomass
• Reduced snow cover
• Ignition

Northwestern Norway, January 2014 DSB rapport 2014



Extreme hot and dry summer 2018

Kilde: Meteorologisk Inst.
Europe: warmest May (since1910) with
2,76 °C above normal

https://data.giss.nasa.gov/gistemp/maps/
See poster, Bakke et al.



Drought and heatwaves

https://rgsweather.com/tag/soil-moisture/

Erlandsen, Brox-Nilsen et 
al. (work in progress)



• High-latitude warming has 
led to a greening of the 
Arctic up until the early 21st

century.
• Despite further warming, 

strong browning signals 
appeared in recent years.

• Extreme winter events
and snow cover change 
may be the cause.

• At UiO two RCN-funded 
projects address this issue: 
WINTERPROOF (Parmentier)
EMERALD (Stordal)

Ti-NDVI 1982-1998

Ti-NDVI 1999-2013

Arctic 
Greening 

and 
Browning



Heavy rainfall and flashfloods



Lessons Learned -
the 2001/2002 Canadian Drought

Wheaton et al. (2005)



Extreme event attribution

© Stock image

Media
What is the role of 
global warming in 
this year summer 
drought?

Scientist
Global warming does 
not “cause” any single 
event, but:

i) it can make some of 
them more likely to 
occur or more intense 
when they do

ii) it is in line with what 
we expect in a warming 
climate 

Scientist
Can now assess how 
global warming may 
have impacted the 
probability or 
magnitude of individual 
events; 

2000 Flood UK:
the risk of floods 
occurring in autumn 
2000 increased by more 
than 20% 
(Pall et al., 2001)

2018 Drought:
the probability to have 
such a heat or higher is 
generally more than two 
times higher today. 



Attribution www.worldweatherattribution.org



Some key messages …
• Conventional frequency analysis offer little insight into

governing processes and how they shape the distribution

• Extreme impacts result from complex multivariate interactions

• Need robust indicators tailored for different sectors (and 
impacts)

• Increased effort on assessing the impacts of compound
events under global warming

• Balance between in-depth studies of recent events vs 
integrated, regional analyses

• Need to adapt to a changing climate

• Awareness that future extremes may be unpreceeded.



Thanks for the attention!

Lena M. Tallaksen

5th Conference on Modelling Hydrology, Climate and Land Surface Processes
Lillehammer, Norway

17-19 September 2019

BBC News

FLIUP.com



Additional slides



Impact-based forecasting - projections

Gap between forecasts and warnings of extreme 
hydrometeorological events and an understanding of 
their potential impacts.



Area in drought – weekly persistence

Whole European domain Grid cells with observations





Example: European scale drought

• Historical events

• Current trends and 

• Future changes



Gudmundsson et al., 2011



Endringer i snødekket i Norge
fra 1981–2010 til 1961–1990

Rizzi et al., 2017



Extreme value distributions
• Choice of distribution governed by the:

– phenomenon studied
– theoretical base of EV distributions, i.e. the GEV 

for AMS and the GP distribution for PDS. 

• This might provide a better prediction than 
can be drawn by merely comparing the fit 
to the sample. 

• The use of regional information will further 
reduce the sensitivity to sample variability.

• Non-stationary methods include univariate
and bivariate models, with distribution
parameters varying with time. The GP distribution

The GEV distribution

Tallaksen and van Lanen, 2004



European-scale trends and future
changes in mean annual streamflow

Stahl et al. (2012)

1962 – 2004

Gudmundsson et al. (2011)



Flood event – economic impact

Leonard et al., 2013
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